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The wide use of epoxy-phenol composites in different sectors of industry is determined by their high chemical resistance and the good adhesion strength and elasticity of the coatings produced [1] . Such composites are prepolymers of high molecular weight bisphenol A epoxy and butanolised phenol-formaldehyde oligomers.
As is known, the conditions of prepolymerisation and formation of coatings in many ways determine the properties of the cured coatings [2] .
The aim of the present work was to establish the main trends in the relationships governing the formation of a three-dimensional polymer from epoxy-phenol prepolymers in the presence of different catalysts (D. S. Solontsov took part in the experimental work).
The structure of the three-dimensional network was assessed from the magnitude of the molecular weight between crosslinked points M c , determined from the deformation and strength properties of films at a temperature 40 K higher than the glass transition temperature [3] and by investigating the fracture surfaces of polymer films on a scanning electron microscope [4] . Epoxy-phenol composites in which butanolised products of the polycondensation of phenol and cresols with formaldehyde are used as phenol-formaldehyde oligomers are widely known [5] . As in a previous paper [6] , to produce epoxy-phenol composites we have used phenol-formaldehyde oligomers based on diphenylolpropane, which possess, according to our data, certain advantages [7] .
Epoxy-phenol composites were produced by the prepolymerisation of an industrial epoxy oligomer (E-05K) and a diphenylolpropaneformaldehyde oligomer (number-average molecular weight M n = 530) in a ratio of 75:25 at 120˚C.
At present, orthophosphoric acid is used as the catalyst for epoxy-phenol composites, introduced into the system at the stage of cooling of the prepolymer.
However, the use of o-phosphoric acid as the curing catalyst of epoxy-phenol systems suggests a number of shortcomings mostly connected with a lack of stability of properties during storage of the composites. As catalysts not adversely affecting the properties of the prepolymers during storage we proposed to use 'hidden' catalysts, i.e. catalysts capable of passing into the active state only at the curing temperature. For these purposes, we developed latent catalyst KATEF, which under prepolymerisation and storage conditions, in contrast to orthophosphoric acid, has practically no influence on the properties of epoxy-phenol composites.
The causes of instability of the properties of epoxyphenol composites with catalyst H 3 PO 4 lie in the uncontrolled reactions between the epoxy oligomer and the acid [8, 9] , which leads to a reduction in the number of epoxy groups in the system (Figure 1 ) and also to esterification of the phenol-formaldehyde oligomer. It must be pointed out that the reactions occurring in the system lead to deterioration in the protective characteristics of coatings based on them (see Table 1 ). Thus [10] [11] [12] , at the stage of prepolymerisation, no chemical reactions must take place since these adversely affect the properties of the coatings.
From Figure 1 it can be seen that, both in the absence of a catalyst and in the presence of catalyst KATEF introduced into the system directly before prepolymerisation, the content of epoxy groups changes only to the smallest degree, which indicates the absence of any significant interaction between the oligomers during prepolymerisation without a catalyst, and also the insignificance of the interaction of catalyst KATEF with the epoxy oligomer at the stage of their heating, which has a positive effect on the protective characteristics of coatings produced from prepolymers with catalyst KATEF (Tables 1 and 2 ).
It must be pointed out that, in the case of the use of catalyst KATEF, the structure of epoxy-phenol coatings is fairly homogeneous and similar to that of coatings produced with o-phosphoric acid introduced directly before curing (Figure 2 ).
There is a close connection between the structure of the coatings and the molecular weight between the crosslinked points M c which in turn has a very great influence on many service properties of the coatings. Therefore, we investigated the change in M c during the formation of coatings and the influence of different factors on this quantity.
From the data given in Table 2 it can be seen that, with a fairly high degree of curing, the values of M c of coatings formed from prepolymers with the introduction of o-phosphoric acid at the stage of cooling and catalyst KATEF at the stage of prepolymerisation are low and have roughly the same value, while the presence at the stage of prepolymerisation of catalyst H 3 PO 4 leads to a sharp increase in M c (by a factor of more than 2), which, of course, has a negative effect on the protective characteristics of the coatings.
At the same time, data in Tables 1 and 2 indicate that, during prepolymerisation without a catalyst and in the presence of catalyst KATEF, the protective and deformation and strength characteristics of the cured coatings remain at practically the same high level, and the M c values in the two cases are roughly equal.
The type of catalyst also affects the processes occurring during the storage of epoxy-phenol composites. As can be seen from Figures 3 and 4 , the presence of ophosphoric acid in the prepolymer adversely affects its stability during storage on account of chemical reactions between the acid and the epoxy oligomer which lead to an increase in the relative viscosity of the system (Figure 3) , to deterioration in the physicochemical properties of the 
T/29 coatings ( Table 5) , and to increase in the structural inhomogeneity of the cured films after 6 months storage (Figure 4) . At the same time, during the storage of epoxyphenol composites with catalyst KATEF, no such sharp increase in the viscosity of systems with time as in the case of the use of o-phosphoric acid is observed (Figure 3) , on account of which there is no such sharp fall in their protective characteristics (Table 5) . Thus, the use of catalyst KATEF makes it possible to increase the stability of the properties of epoxy-phenol composites.
As is known, high service characteristics of coatings are ensured by the optimum supermolecular structure, the formation of which is greatly influenced, among other factors, by the temperature and time of curing, since the reactions occurring during the formation of the threedimensional network determine its structure. It can be seen that the process of coating formation is accelerated considerably with increase in the curing temperature. Curing at 300˚C occurs in a few seconds.
Change in the temperature schedule of coating formation has a marked effect on the structural features of the coatings, which can be seen from the molecular weight between the crosslinked points of the coatings ( Table 4) . As can be seen from Table 4 , data on the deformation and strength characteristics in the rubbery (high-elastic) state indicate that increase in the curing temperature entails a reduction in M c . It must be pointed out that, above 300˚C, processes of crosslinking and thermo-oxidative degradation compete markedly, which naturally leads to rupture of chemical and physical crosslinks, with the formation of low molecular weight degradation products and defectiveness of the network (Figure 7) , and to increase in the brittleness of films, i.e. to a fall in ε b and σ f . However, above 350˚C, processes of thermal degradation begin to play a predominant role (see Tables 3 and 4) . Thus, the formation of a uniform homogeneous structure of epoxy-phenol composites by selecting optimum temperature and time curing conditions makes it possible to produce coatings with high strength and protective characteristics.
On the basis of the investigations carried out, we established that the optimum temperature of formation of epoxy-phenol coatings is 200-300˚C, which is confirmed by the good correlation of features of structure formation in solutions of epoxy-phenol composites with the laws governing the structure and properties of the coatings produced (Figure 7) . Overstepping of the given temperature limit leads to the occurrence during curing of degradative processes lowering the service characteristics of the coatings. At the same time, in epoxy-phenol composites based on phenol-formaldehyde oligomers of other types, degradative processes play an appreciable role at t ≥ 250˚C [13] . At the same time, as can be seen from Figure 5 , the behaviour of epoxy-phenol systems during curing in the case of the use of catalysts KATEF is similar to systems with o-phosphoric acid.
Thus, catalyst KATEF has essentially been patented at a prepolymerisation temperature of 120˚C and under conditions of prolonged storage of composites, which makes it possible to facilitate the process of preparation of epoxy-phenol composites and increase their stability during storage.
As shown by the investigations carried out, the used of catalyst KATEF has a similar effect on other epoxy-phenol systems produced using other phenolic components.
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